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Abstract
Through a roadway model with cross-section area of 80×80 mm2 and length of 100 m, the changing laws of 
overpressure, temperature, density, combustion rate and gas velocity after the explosion of methane-air mixtures with 
concentration of 9.5% and filling lengths of 2 m, 6 m, 10 m and 14 m were simulated by using AutoReaGas software.
The results show that in the explosion propagation process, the peak overpressure firstly decreases, then increases, 
and then attenuates until to zero. However, flame propagation speed firstly increases, then begins to reduce and 
decreases until to zero. With the increase of methane filling length, the safety distance firstly increases and then 
decreases slightly, and the maximum distance of flame propagation increases linearly. With the increase of methane 
filling length, the initial peak overpressure and the maximum peak overpressure obviously increase, the peak 
overpressure and the maximum temperature in other points almost continually increase, and the distance where peak 
overpressure begins to rise and obtains its maximum value also increases. The time of flame arrival in the same point 
at various filling lengths is almost the same before flame speed begins to decrease, indicating that flame speed is
almost the same before it decreases. Research results can be used to provide guidance for the safety of underground 
persons, the disaster relief and treatment of gas explosion in underground coal mines.
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1. Introduction
Propagating in the roadway of coal mine, the shock wave in gas explosion will decay caused by the 
consumption of combustible gas and some irreversible energy loss such as heat conduction and thermal 
radiation within the wave front, and attenuates to sound wave in the end [1]. So there will be a safety 
distance which is the minimum distance from explosion center to the location of avoiding the harms of 
shock wave to underground persons [1]. The safety distance can be calculated by the distance from 
explosion source to the location where shock wave attenuates to sound wave in straight roadway. The 
researches on propagation characteristics and safety distance of gas explosion may have great significance 
for the safety of underground persons, the disaster relief and treatment of gas explosion.
Shock wave attenuations were widely researched through various materials such as polyurethane 
foam, granular material, and filter and so on [2-8]. Experimental investigations of shock waves 
attenuation through air were carried out in rough pipes and the obtained loss coefficient dependences on 
the regular roughness dimensions were used in the calculation of the gas detonation velocity [9]. A large 
number of theoretical and experimental relations had been proposed to describe the dependences of blast-
wave intensity with distance from the center of an explosion [10-13]. Wang Lei et al. [14] carried out 
some explosion experiments in the pipes with DN of 700 mm and filling up methane-air mixtures, and
obtained that the maximum pressure of shock wave firstly decreased near the explosion source, and rose
to certain maximum value and then gradually attenuated.
Related experts and scholars have carried out a large number of researches on attenuation laws of 
gas explosion, but few studies have been devoted to the safety distance of avoiding the harms of shock 
wave in gas explosion to underground persons. Furthermore, the influences of methane filling volume on 
safety distance and maximum distance of flame propagation are even less. Propagation characteristics and 
safety distance of gas explosion were simulated by using AutoReaGas software at various methane filling 
volumes to provide guidance for the disaster relief and treatment of gas explosion in underground coal 
mines and reference for related contents revision of “Rescue Regulation of Coal Mine”.
2. Numerical model
Numerical simulation was calculated by using the special software of AutoReaGas developed by the 
Century Dynamics Company of England and the TNO of Netherlands. A roadway model with length of
100 m and cross-section area of 80×80 mm2 was established, its terminal wall was open, and other walls 
were closed. The explosion gas was the mixture of methane and air with concentration of 9.5%, and it
was uniform distribution within the range of 2 m, 6 m, 10 m and 14 m in the front of roadway. The initial 
temperature was 288 K and the initial pressure was 101.3 KPa. Arranging a test point every 1 m from the 
ignition location along the center of cross-section area in roadway, there were 99 points in total to
monitor the overpressure, the density, the temperature, the gas velocity and the combustion rate in gas 
explosion, as shown in figure 1. 1000, 4 and 4 grids were respectively divided in the x, y and z directions 
and there were 16000 grids in total. By igniting the gas filled in the closed end, the propagation 
characteristics and safety distance of gas explosion were simulated at various methane filling volumes.
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Fig. 1. Physical model of roadway (unit: m)
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3. Results and discussion
3.1 Attenuation laws of shock wave
Overpressure-time curves are shown in figure 2 taking the filling length of 10 m as example. The 
peak overpressures are smaller in the early stages of explosion (before point 10). After point 11, the 
overpressure-time curves are obviously steep, and their peak overpressures are larger. There is an obvious 
phenomenon of pressure-wave propagation among the points. After point 24, the peak overpressure
gradually decays and attenuates until to zero in point 50, as shown in figure 3.
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Fig. 2. Curves of overpressure-time
From figure 3 we can see that the gas velocity reduces to zero in point 50, and the temperature and 
the density also decrease nearly to their corresponding initial values in this point, these indicate that shock 
wave attenuates to sound wave in point 50 and the safety distance is 50 m.
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Fig. 3. Curves of various parameters in point 50
The curves of peak overpressure with propagation distance are shown in figure 4. In the process of
shock wave propagation, peak overpressure firstly decreases to a certain value, then gradually increases to 
its maximum value, and then decays and attenuates to zero. In the early stages of explosion, the peak 
overpressure has a transitory decrease because of the energy absence away from ignition source. Due to
the methane gas is continuously burned, the chemical reaction continually intensifies and the peak 
overpressure gradually increases. Comparing the curves of peak overpressure with the curves of 
maximum combustion rate (as shown in figure 12), the distance where maximum combustion rate reduces
to zero is almost the same as that where peak overpressure obtains the maximum value, indicating that 
when combustible gas is depleted, the peak overpressure obtains its maximum value. After then peak 
overpressure decays and attenuates until to zero. The initial peak overpressures in point 1 and the 
maximum peak overpressures in the propagation process are listed in table 1. The increase of filling 
length obviously increases the initial peak overpressure and the maximum peak overpressure, but the 
increment gradually reduces. From figure 4 we also obtain that with the increase of filling length, peak 
overpressure in each point almost continually increases, but the increment reduces.
Table 1. Initial and maximum peak overpressures (unit: KPa)
                       Peak overpressure
Filling length Initial value Maximum value
2 m 125.767 132.132
6 m 256.63 316.087
10 m 343.426 513.185
14 m 391.903 658.003
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Fig. 4. Curves of peak overpressure
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The distance where peak overpressure begins to rise and obtains its maximum value at various 
filling lengths is shown in table 2, the increase of filling length increases the distance where peak 
overpressure begins to rise and obtains its maximum. Propagating in the roadway, shock wave
compresses and pushes the unburned gas ahead. When the peak overpressure obtains its maximum, the
diffused methane gas is depleted, so the total distance of methane diffusion can be expressed by the 
distance where peak overpressure obtains its maximum value, as shown in figure 5. With the increase of 
filling length, the total distance of methane diffusion increases linearly.
Table 2. Distance where peak overpressure begins to rise and obtains its maximum (unit: m)
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Fig. 5. Total distance of methane diffusion
Figure 6 shows the changing curves of maximum temperature, maximum density and maximum gas 
velocity (propagation direction). From figure 6 (a) we can see that the maximum temperature in each 
point almost increases with the increase of filling length, but the increment reduces, particularly, the 
maximum temperatures with filling length of 10 m are almost the same as those with filling length of 14 
m. From figure 6 (b) and (c) we can see, the influences of filling length on maximum density and 
maximum combus tion rate are smaller before they obtain their corresponding maximum values. Except 
these points, increasing filling length increases maximum density and maximum gas velocity, but the 
increment reduces.
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Fig. 6. Changing curves of other parameters
Figure 7 is the changing law of safety distance with filling length. The safety distance is 25 m at 
filling length of 2 m, increases to 28 m at filling 6 m, and rises until to 50 m at filling 10 m, but reduces
slightly to 44 m at filling length of 14 m.
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3.2 Flame propagation laws
When the length of roadway is much larger than its height, the flame propagation of gas explosion in 
roadway can be described as a one-dimensional flow, and the structure chart of flame front is shown in 
figure 8 [15].
Gas mixtures Combustion products
Preheat zone Reaction zoneT 0
T 0
Flame front
T i T b
T i
T b
TemperatureVolume fraction of 
methane
Temperature or 
volume fraction
Volume fraction of 
intermediate products
Fig. 8. Structure chart of flame front [15]
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From figure 8 we obtain that the time of flame arrival (initial time of preheat zone) is the same as 
that when the temperature begins to rise, and the time of flame leaving (end time of reaction zone) is the 
same as that when the volume fraction of methane reduces to zero. The volume fraction consumption of 
methane can be described by the combustion rate of methane. In order to calculate the time of flame 
arrival in each point, the temperature and combustion rate curves are drawn in figure 9 taking points 1, 5, 
9 and 13 as example at filling length of 10 m.
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Fig. 9. Curves of temperature and combustion rate
From figure 9, when the combustion rate begins to exceed zero, the temperature begins to rise, and 
the time when maximum temperature gradient appears is almost the same as that when maximum 
combustion rate gradient appears. So we can define the time when combustion rate begins to exceed zero 
in a certain point as the time of flame arrival in this point, and the time when combustion rate reduces to 
zero is that when reaction zone of flame front leaves this point. So the thickness of flame front can be 
approximately expressed by the time interval when combustion rates are higher than zero.
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Fig. 10. Curves of combustion rate-time
Taking filling length of 10 m as example, the combustion rate curves are shown in figure 10. The 
maximum combustion rates in long-distance points are larger than those in short-distance points, and 
there is an obvious phenomenon of flame propagation among the points. From the time interval when 
combustion rates are higher than zero, the thickness of flame front gradually decreases in long-distance 
points, and the combustion rate attenuates until to zero in point 17 shown in figure 11.
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Fig. 11. Curve of combustion rate-time in point 17
Figure 12 shows the curves of maximum combustion rate, from it we can see that the maximum 
combustion rates in these points are almost the same before they obtain their maximum values. Except 
these points, increasing filling length increases the maximum combustion rate.
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Fig. 12. Curves of maximum combustion rate
The time of flame arrival in each point is shown in figure 13, and the flame propagation speed can 
be described by the reciprocal of curve slope. In the propagation process of flame front, flame speed 
firstly increases, and reaches its maximum value in a certain point, then begins to reduce and decreases 
279Bingyou Jiang et al. / Procedia Engineering 26 (2011) 271 – 280B.Y. Jiang et al / Procedia Engineering 00 (2011) 000–000 9
until to zero. The time of flame arrival at various filling lengths is almost the same before flame speed 
begins to reduce, indicating that flame speed is almost the same before it decreases.
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Fig. 13. The time of flame arrival
Figure 14 shows the maximum distance of flame propagation. The maximum distance of flame 
propagation is 5 m at filling length of 2 m, increases to 11 m at filling 6 m, rises to 17 m at filling 10 m, 
and increases until to 21 m at filling length of 14 m. With the increase of filling length, the maximum 
distance of flame propagation increases linearly.
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4. Conclusions
From the results obtained, the following conclusions can be drawn:
1) After the explosion of methane-air mixtures with concentration of 9.5% in the roadway, the peak 
overpressure firstly decreases to a certain value, then gradually increases to its maximum value, and then 
decays and attenuates until to zero. However, flame propagation speed firstly increases until to its 
maximum value, then begins to reduce and decreases to zero.
2) The safety distance is 25 m at filling length of 2 m, increases to 28 m at filling 6 m, and rises until
to 50 m at filling 10 m, but reduces slightly to 44 m at filling length of 14 m. The maximum distance of 
flame propagation is 5 m at filling length of 2 m, increases to 11 m at filling 6 m, rises to 17 m at filling 
10 m, and increases until to 21 m at filling length of 14 m. With the increase of methane filling length, the 
maximum distance of flame propagation increases linearly.
3) With the increase of methane filling length, the initial peak overpressure and the maximum peak 
overpressure obviously increase, the peak overpressure and maximum temperature in other points almost 
continually increase, but the increment reduces. Increasing the filling length makes the increase of the 
distance where peak overpressure begins to rise and obtains its maximum, and results in the increase of
total distance of methane diffusion linearly.
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4) The time of flame arrival at various filling lengths is almost the same before flame speed begins 
to reduce, indicating that flame speed is almost the same before it decreases.
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